Double (SiO2/Ta2O5) or triple (SiO2/TiO2/Ta2O5) Anti-Reflection Coatings (ARC) have been used to improve the conversion efficiency of the InGaP/InGaAs/Ge solar cells. It is found that the efficiency improvements are 5.4% and 6.31%, respectively.
Introduction
High efficiency triple junction InGaP/InGaAs/Ge solar cells have been intensively studied recently [1] [2] [3] [4] . On top of them, the Anti-reflecting coating (ARC) design for these solar cells has also been extensively reviewed in the literature. Several experimental studies shown an obvious reflection reduction which the surface incident light absorption increased more than 30% after ARC [5] [6] .
In this study, the Film-Star software was used to design the optimized ARC layers [7] . Different kinds of materials have been studied. However, the multi layers ARC adopted in this study is with different material combinations. The triple junction InGaP/InGaAs/Ge solar cells are coated with double (SiO2/Ta2O5) or triple (SiO2/TiO2/Ta2O5) layers ARC to improve their conversion efficiency. According to the simulation result, the lowest average reflectance was below 5% of double or triple layers ARC. The comparisons between the simulation and real experimental results also are verified.
Experiment
The solar cells structures were grown by metal organic chemical vapor deposition (MOCVD) on p-type germanium substrates. The wafer surface was cleaned and electrodes area was defined by photolithography process after epitaxy. The metals (Ti/Au) and (Au/Ge/Ni) were deposited by thermal evaporation system on the back side and front side respectively. It was an important thing for devices that the cap layer was removed by etching after metallization process. The cap layer has a larger band gap than window layer and it absorbs incident light. Rapid thermal annealing (RTA) at 325℃ 30sec was used to get a good ohmic contact. The specific resistance below 5.492× 10 -5 Ω-cm 2 was obtained. Finally, an anti-reflection layer was coated on device surface. After that, the device was placed under solar simulator system for measurement. The measurement condition was AM1.5G at room temperature.
Results and Discussion
Figures 1 & 2 have shown the correspondent reflectance from 350 nm to 950 nm with simulation and measurement results. The misfits of the simulation data and measurement results are obtained which are thought to be due to some local area of the films evaporated in this study are not very uniform, However the thickness variation is still within 5%. As a reflection simulation result, the triple layers' ARC average reflectivity is lower than the double layers' ARC. The optimization thicknesses of double and triple anti-reflection coating layer on the InGaP/InGaAs/Ge solar cell are 123 nm and 173 nm, respectively. After whole cell's fabrication, the correspondent conversion efficiencies are improved from 19.3% to 24.7% and 19.83% to 26.14%, respectively. And we noted that the triple layer ARC has a higher efficiency improvement in this study.
Conclusions
Double (SiO2/Ta2O5) or triple (SiO2/TiO2/Ta2O5) Anti-Reflection Coatings (ARC) have been used to improve the conversion efficiency of the InGaP/InGaAs/Ge solar cells. After thickness verification, the triple antireflection coating has shown a lower surface reflectivity and a higher cells' efficiency in this study. 
